Abstract: Cloud point extraction (CPE) was carried out to extract Eosin B dye from aqueous solution using non-ionic surfactant Triton x-114. The enrichment of dye was determined by a spectrophotometric study. The effects of different operating parameters, e.g., concentrations of surfactant, salt, temperature, pH, the heating time, equilibration temperature and time of centrifuge have been studied. The extracted surfactant-rich phase was diluted with ethanol and its absorbance was measured at 533 nm. The calibration curve was linear in the range of 0.0067-0.7300 mgL -1 with r 2 =0.995. The detection limit, preconcentration and enrichment factor were obtained 1.08 ng mL -1 , 15.00 and 11.20, respectively. The effect of some foreign species including cations, anions and similar dye, fluorescein was also investigated. This method was applied successfully for determination of the amount of Eosin B in water samples.
Introduction
Commercially, there are more than 100,000 dyes with over 7x10 5 tons of dyestuffs produced yearly. Synthetic dyes are used in the textile, leather, paper, rubber, plastics, cosmetics, pharmaceuticals and food industries. Generally, synthetic dyes have complex aromatic structures that make them stable and difficult to biodegrade 1 . Dyes even in low concentrations affect the aquatic life and food web 2 . Eosin B (Figure 1 ) is a novel antimalaria agent for drug-resistant plasmodium falciparum; therefore, its determination is very important 3 .Thus, due to the useful effects of Eosin B, it was considered worthwhile to make efforts to develop a simple method to determine Eosin B in water samples. Applications of Eosin B are in a sequential injection method to determine tween-80 in natural water samples 4 and to determine dye binding ' s mechanism in the protein assay 5 . Cloud point extraction (CPE) by phases of nonionic surfactants (NS) is a selective and a friendly biological-environmental method for separation and preconcentration [6] [7] [8] . CPE method has been successfully employed for the preconcentration of metal ions [9] [10] [11] [12] and organic compounds such as polycyclic aromatic hydrocarbons [13] [14] [15] , polychlorinated compounds 16 , vitamins [17] [18] [19] , dyes [20] [21] [22] and biomaterials 23 . CPE method can be easily combined with several analytical methods such as spectral [24] [25] [26] , inductively coupled plasma (ICP) 27 , atomic absorption 28, 29 , chromatographic 30, 31 , flow injection 32 . Also, the auxiliary techniques was coupled with this method, some of these are: ultrasonic-assisted cloud point extraction (UA-CPE) 33 , microwave-assisted cloud point extraction (MA-CPE) 34 , stirring-assisted cloud point extraction (SA-CPE) 35 and solvent floatation spectrophotometry 36 . Recently a new method for monitoring of signal after cloud point extraction (CPE) of dyes was introduced by our group researcher 37 . Therefore, extraction with NS phases could be coupled with highly sensitive and convenient analytical methods. In the present study, a simple and sensitive CPE procedure has beendeveloped for extraction and preconcentration of Eosin B using Triton X-114 as nonionic surfactant by spectrophotometric method.
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Experimental
All chemicals used were of analytical grade and double distilled water was used throughout. A 1% (w/v) Triton X-114 (Fluka, Buchs, Switzerland) solution was prepared by dissolving 1.0 g of Triton X-114 in 100 mL volumetric flask with stirring. All the used dyes were purchased from Merck (E. Merck, Darmstadt, Germany). A stock solution of 100 mgL -1 of Eosin B was prepared by dissolving 0.0100 g of Eosin B in water and diluting to 100 mL in a volumetric flask. All the other chemicals used were analytical grade of Merck (Darmstadt, Germany).
Instrumentation
A Jasco V-530, UV-Visible spectrophotometer (Hachioji, Tokiyo,Japan was used for recording absorption spectra and absorbance measurements using 1 cm glass cells. A Metrohm (Herisau, Switzerland) digital pH-meter model 827 with combined glass electrode was used for pH adjustments. A F.A.G thermostat bath (Iran) was used for the temperature adjustment. Also, a centrifuge with 15.0 mL calibrated tubes (RHB, Iran) was used to accelerate the phase separation process.
Test procedure
A typical cloud point experiment has been carried out according to following procedure. An aliquot of 15 mL of an aqueous solution containing 0.27 mgL -1 of Eosin B, 0.13 (w/v) of Triton x-114 in pH 3.5 was prepared. The mixture was left to stand for 5 min in a thermostat bath at 28 C. Separation of the phases was achieved by centrifugation for 10 min. The whole system was cooled in an ice and salt bath so that the surfactant rich phase would regain its viscosity and the bulk aqueous phase was easily decanted. The surfactant rich phase was diluted with ethanol to 1.0 mL. The absorption spectrum of Eosin B was recorded after cloud point extraction. It showed a maximum absorption band at 533 nm ( Figure 2 ). Therefore, this wavelength was used for all the absorbance measurements. To obtain calibration curves, absorbance values were plotted vs. analyte concentrations.
Results and Discussion
A cloud point extraction methodology was developed to determine precocentration and spectrophotometric of Eosin B. The absorption spectrum of Eosin B was recorded after cloud point extraction with Triton X-114. As it is obvious from Figure 2 , the absorption after cloud point extraction was increased considerably. The effect of various cloud point extraction parameters such as pH, Triton x-114 and electrolyte concentration, time of centrifugation, equilibration temperature and time on the performance of the method was investigated in order to achieve highest sensitivity.
Effect of pH
For organic molecules, pH is perhaps the most critical factor regulating the partitioning of the target analyte in the micellar phase. Especially for ionizable species, maximum extraction efficiency is achieved at pH values where the uncharged form of the target analyte prevails. The ionic form of analytes does not interact with the micellar aggregate as strongly as its neutral form does.
The effect of pH on the cloud point extraction of 0.27 mg L -1 of Eosin B was studied in the range of 1-8 by adding hydrochloric acid and sodium hydroxide. Figure 3 shows that at pH 3.5, maximum color intensity can be obtained. The existence of COOH group in the structure of Eosin B causes neutral form to be obtained in low PHS and this subject helpsdye to transfer to surfactant phase. In extremely acidic pH, neutral dye molecule will become cationic via accepting H + ion and therefore recovery will be reduced. In higher pH, especially in alkaline solution the anionic form is mostly present and this leads to the reduction of the extraction efficiency. 
Effect of triton x-114 concentration
For a successful cloud point extraction, it is desirable to obtain minimum amount of surfactant for maximum extraction of dye. Therefore, the effect of the surfactant concentration was investigated in order to ensure maximum extraction efficiency. The preconcentration efficiency was evaluated using Triton x-114 concentrations ranging from 0.03 to 0.4 (w/v). The results are demonstrated in Figure 4 the recovery is reduced because of the incomplete recovery of the extraction. The decreased signal at concentrations higher than 0.13% (w/v) is due to remaining of some Triton X-114 and analyte in the aqueous solution phase. Therefore, this phase can compete with the surfactant-rich phase to draw analyte into itself. Also, at a high concentration of surfactant, the viscosity of the enrichment phase was increased and the signal was decreased.
Figure 4. Effect of Triton x-114 concentration on the CPE of Eosin B
Effects of equilibration temperature and time
Optimal equilibration temperature and time are necessary to achieve easy phase separation and efficient preconcentration. If the temperature is lower than the cloud point (CP) temperature, two phases cannot be formed. But higher temperature leads to dissociation of surfactant-dye assembly and too high temperature may lead to the decomposition of analyte. Therefore, the effect of equilibration temperature in the range of 25-50 °C was studied. It was found that the extraction efficiency reaches maximum in 28 °C. So, an equilibration temperature of 28 °C was chosen for the analysis. The dependence of extraction efficiency upon equilibration time was also studied for a time interval of 5-30 min., maximum extraction efficiency was observed in 5 min. Therefore, an incubation time of 5 min was chosen to be used in the next experiments.
Effect of centrifuge time
For obtaining the best efficiency of the method, it is required to preconcetrate trace amount of dye with high sensitivity and in a short time. Optimum time in the centrifugation is one of the parameters in the CPE procedure.As it is obvious from Figure 5 
Effect of electrolytes
The cloud point of micellar solutions can be controlled by adding salts, alcohols, non-ionic surfactants and some organic compounds (salting-out effects). In order to study the effect of the addition of electrolytes on micellar solutions of Eosin B, KNO 3 solution was tested. It was observed that the addition of KNO 3 within the interval of 0.0067-0.47 mg L -1 had no significant effect on the cloud point extraction efficiency.
Interference studies
The influences of some diverse anions, cations and fluorescein as similar dye usually present in natural waters and wastewater on the determination of Eosin B were studied.Various amounts of other species were added to a solution containing 0.27 mgL -1 of Eosin B and the recommended procedure under optimum conditions was applied. An error of 5% in the absorbance reading was considered tolerable value. The results presented in Table 1 show the good selectivity of the procedure. 
Analytical performance
The calibration graph was linear in the range of 0.0067-0.73 mgL -1 of Eosin B in the initial solution by applying the optimized conditions.The results are demonstrated in Figure 6 . The equation for the line was A=0.889C+0.004 with regression coefficient (r 2 ) of 0.995 (n=10) where A is the absorbance and C is the concentration of Eosin B in mg L -1 .detection limit based on three times the standard deviation of the blank (3S b ) was 1.08ngmL -1 and the relative standard deviation (RSD) for 0.27 mgL -1 of Eosin B (n=8) was 3.12.The enrichment factor defined as the ratio of the slopes of calibration curve before and after preconcetration was 11.20. The preconcetration factor based on the ratio of initial volume in centrifuge tube to final volume of dissolving solvent was obtained 15.00 (Table 2 ). 
Application to water samples
In order to test the reliability of the proposed methodology for the assay of Eosin B, it was applied to the determination of concentration this dye in water samples including tap, Damavand mineral and Bashar River (in the Yasouj city) under optimum conditions. Since an official or standard method does not exist for the determination of Eosin B, the developed methodology was validated by recovery studies. Good recoveries (92.48-100.00%) were achieved for all analyzed samples (Table 3) . 
Conclusion
In this paper, we introduced a novel and sensitive cloud point extraction procedure as a rapid, safe and inexpensive method for the extraction, preconcentration, and determination of Eosin B spectrophotometrically. The method validation yielded good results and included linearity, repeatability/ reproducibility, sensitivity, recovery and accuracy. The proposed method can be applied to the determination of Eosin B in presence of its family dyes such as fluorescein and water samples.
